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Field of the invention 

The invention relates to the detection of a biological entity in a sample. More 
particularly, the invention relates to detection of specific pathogens from a possible 
presence of one to hundreds to thousands of pathogens. 



Summary of the related art 

Crowding and unrest in the modern world has created the potential for rapid 
spread of disease, either through terrorism in the form of germ warfare, or simply through 
disease transmission among densely packed hosts in urban environments. Wade, New 

1 5 York Times, November 21,1997, discloses that one gram of anthrax, about the weight of 
two paper clips, contains enough doses to kill ten million people. Many other pathogenic 
organisms could similarly be used by terrorists, and it would be difficult to know which 
pathogens were being used before it was too late to avoid illness and death. In addition, 
in urban environments widespread epidemics may be more likely to happen, due to the 

20 close proximity of diseased and healthy people. In such instances, it could be critical to 
determine at an early stage what pathogen is involved to provide effective treatment 
and/or prophylaxis. Moreover, when natural disasters, such as flooding or earthquakes 
occur, frequently widespread disease follows in the aftermath. Effective relief requires 
the ability to rapidly identify any pathogen causing such an outbreak. 

25 Unfortunately, current methodologies do not allow simultaneous screening for 

specific pathogens among a possible hundreds to thousands of pathogens. Current 
methodologies include antibody-based assays, DNA chip assays and assays based on 
polymerase chain reaction. Chee etal, United States Patent No. 5,861,242 (1999) 
discloses an array of nucleic acid probes on biological chips for diagnosis of HIV. Crowl 

30 et. al 9 United States Patent No. 5,773,210 (1998) discloses an assay for HIV utilizing an 
envelope protein from the virus to detect antibodies to the virus in patient's serum. 
Grattard et al, 1 Clin. Microbiol. 32: 596-602 (1994) discloses the use of PCR to detect 
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Enterobacter cloacae in a nosocomial outbreak. Unfortunately, all of these 
methodologies are limited to the detection of a single species of pathogen. There is, 
therefore, a need for new assays that can detect the presence of one or more biological 
entity in a sample out of a possible number of hundreds to thousands of distinct 
5 biological species. 
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BRIEF SUMMARY OF THE INVENTION 

The invention provides new assays that can detect the presence of one or more 
biological entity in a sample which might be any one of hundreds to thousands of 
possible distinct biological species. The method according to the invention for detecting a 
5 biological entity in a sample comprises randomly amplifying nucleic acids in the sample 
to produce labeled nucleic acids; hybridizing the labeled nucleic acids to an array of 
predetermined nucleic acids; and detecting the labeled nucleic acids that have hybridized 
to the array. The method according to the invention is useful for such detection in the 
context of hospitals or physicians' offices, battlefield or trauma situations, emergency 
10 responders, forensic analysis, food and water monitoring, screening for indications of 
genetic alterations in specific organisms and environmental analysis and background 
characterizations. 

The present invention is useful as a phylogenetic analysis. In such embodiments a 
continuum of highly conserved to highly specific nucleic acids are used to catagorize a 
15 multiplicity of biological entities from a single sample based upon binary pattern 

generated. Thus one can conclude the presence or absence of specific biological entities 
in the sample, as well as establish the organism's kingdom, phylum, class, order, genus 
species. 

In preferred embodiments, the amplification step comprises a polymerase chain 
20 reaction. Preferably, the amplification step utilizes random primers four to nine 
nucleotides in length, most preferably four to six nucleotides in length. In certain 
preferred embodiments, the array of predetermined nucleic acids are immobilized on a 
surface. In certain preferred embodiments, the labeled nucleic acids are enzymatically 
detected. In certain preferred embodiments, the labeled nucleic acids are biotinylated. In 
25 certain preferred embodiments, the labeled nucleic acids are fluorescently labeled or 

radiolabeled. In certain preferred embodiments, the labeled nucleic acids are labeled with 
digoxigenin. In certain preferred embodiments, the surface on which the predetermined 
nucleic acids are immobilized is an opaque membrane. In certain preferred 
embodiments, the surface is silica-based. Preferably, the predetermined nucleic acid 
30 sequences are at predetermined positions on the array. In certain preferred embodiments 
the sample comprises multiple biological entities. Generally, at least one biological 
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entity to be detected is a pathogen. In certain preferred embodiments, the predetermined 
nucleic acids are more than 30 nucleotides in length. 

5 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 shows a schematic for a preferred embodiment of the invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The invention relates to the detection of a biological entity in a sample. More 
particularly, the invention relates to detection of specific pathogens from a possible 
presence of hundreds to thousands of pathogens. The invention provides new assays that 
5 can detect the presence of one or more biological entity in a sample which might be any 
one of hundreds to thousands of possible distinct biological species. 

The patents and publications recited herein reflect the level of knowledge in the 
field and are hereby incorporated by reference in their entirety. In the event of conflict 
between any such patent or publication and the present disclosure, the present disclosure 

10 shall prevail. 

The method according to the invention for detecting a biological entity in a 
sample comprises randomly amplifying nucleic acids in the sample to produce labeled 
nucleic acids; hybridizing the labeled nucleic acids to an array of predetermined nucleic 
acids; and detecting the labeled nucleic acids that have hybridized to the array. The 

15 method according to the invention is useful for such detection in the context of hospitals 
or physicians 1 offices, battlefield or trauma situations, emergency responders, forensic 
analysis, food and water monitoring, screening for indications of genetic alterations in 
specific organisms and environmental analysis and background characterizations. 

For purposes of the invention, the term "randomly amplifying" means increasing 

20 the copy number of a segment of nucleic acid in vitro using random primers, each of 
which are four to nine nucleotides in length, most preferably four to six nucleotides in 
length. "Biological entity" includes viruses, viroids, bacteria, fungi, protozoa and the 
like. A "sample" is any source, and can be a gas, a fluid, a solid or any mixture thereof. 
"Nucleic acids" means RNA and/or DNA, and may include unnatural bases. A 

25 "predetermined nucleic acid" is a nucleic acid for which the sequence is known. In 
certain preferred embodiments, the predetermined nucleic acids are more than 30 
nucleotides in length. A "labeled nucleic acid" is a nucleic acid that can be detected. 
"Hybridized" means having formed a sufficient number of base pairs to form a nucleic 
acid that is at least partly double stranded under the conditions of detection. An "array of 

30 predetermined nucleic acids" is a multiplicity of predetermined nucleic acids (including 
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nucleic acids complementary to a biological entity to potentially be detected) having a 
known spacial arrangement or relationship to each other. 

In preferred embodiments, the amplification step comprises a polymerase chain 
reaction. Generally, conventional PCR methodology (see e.g., Molecular Biology 
5 Techniques Manual, Third Edition (1994), Coyne et al Eds.) can be used for the 
amplification, except that the annealing step is preferably carried out at lower 
temperatures, e.g., 50-65°C. The primers utilized in the amplification step are multiple 
random primers of four to six nucleotides in length. Whereas longer primers are useful 
for the amplification of known sequences they are not suitable for the non-specific 

10 amplification of nucleic acids in a sample as long primers necessarily provide significant 
specificity of amplification. Use of short, random primers will allow the amplification of 
all nucleic acids within a given sample. Due to their short length, the primers are capable 
of binding to virtually all of the DNA sequences, and use of random primers (i.e. primers 
having different DNA sequences) further increase the likelihood that all DNA sequences 

15 will be amplified. 

In certain preferred embodiments, one or more nucleoside triphosphate used in the 
amplification will be labeled. In certain preferred embodiments, the labeled nucleic acids 
are enzymatically detected. Preferred enzymes include, without limitation, alkaline 
phosphatase, horseradish peroxidase and any other enzyme that produces a colored 

20 product. In certain preferred embodiments, the labeled nucleic acids are biotinylated. In 
certain preferred embodiments, the labeled nucleic acids are fluorescently labeled or 
radiolabeled. In certain preferred embodiments, the labeled nucleic acids are labeled with 
digoxigenin. Biotinylated nucleic acid sequences are readily identified through incubation 
with an avidin linked colorimetric enzyme, for example, alkaline phosphatase or horse 

25 radish peroxidase. Biotin is particularly preferred in applications in which visualization 
is required in the absence of fluorescence-based systems. Digoxigenin labeled nucleic 
acid sequences are readily detected using commercially available immunological 
reagents. Recent advances in molecular biology, in part due to the efforts under the 
Human Genome Project, have spurred the development of new methods for the labeling 

30 and detection of DNA and DNA fragments. Traditionally, radioisotopes have served as 
sensitive labels for DNA while, more recently, fluorescent, chemiluminescent and 
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bioactive reporter groups have also been utilized. Fluorescent and chemiluminescent 
labels function by the emission of light as a result of the absorption of radiation and 
chemical reactions, respectively. Kits and protocols for labeling the primers and/or the 
amplified sequences are readily available in the published literature regarding PCR 
5 amplifications. Such kits and protocols provide detailed instructions for the labeling of 
both primers and the amplified DNA which protocols can readily be adapted for the 
purposes of the method of the invention. 

In certain preferred embodiments, the array of predetermined nucleic acids are 
immobilized on a surface. In certain preferred embodiments, the surface on which the 

10 predetermined nucleic acids are immobilized is an opaque membrane. Preferred opaque 
membrane materials include, without limitation, nitrocellulose and nylon. Opaque 
membranes are particularly preferred in rugged situations, such as battlefield or other 
field applications. In certain preferred embodiments, the surface is silica-based. "Silica- 
based" means containing silica or a silica derivative, and any commercially available 

15 silicate chip would be useful. Silica-based chips are particularly useful for hospital or 
laboratory settings and are preferably used in a fluorescent reader. 

Preferably, the predetermined nucleic acid sequences are at predetermined 
positions on the array. In preferred embodiments, the predetermined nucleic acid 
sequences are arrayed by immobilization on a surface. Arraying the predetermined 

20 nucleic acid sequences at predetermined positions on a chip allows a chip-based approach 
to the detection of biological species within a given sample. The predetermined nucleic 
acid sequences are printed onto the chip using computer-controlled, high speed robotics, 
which devices are often termed "spotters". A spotter can be utilized to rapidly mass- 
produce identical arrays of the predetermined nucleic acid sequences on hundreds of 

25 chips. Because the location of each predetermined nucleic acid on the chip is known, 

hybridization, detection and localization lead to the identification of the biological entity 
or entities) present in the sample (see Figure 1). In certain preferred embodiments the 
sample comprises multiple biological entities. Generally, at least one biological entity to 
be detected is a pathogen. 

30 
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The invention relates to the identification of one or more biological entities in a 
given sample. The invention provides a method for the rapid identification of multiple 
biological entities simultaneously within a given sample. This contribution allows 
scientists, technicians and medical workers to rapidly and simultaneously identify the 
5 presence of multiple biological entities, including pathogens, in a sample taken from any 
source, including a human individual, a land or aquatic animal, and water, plants or 
foodstuffs, dirt, air, or any other environmental or forensic sample. 

The method of the invention has particular application to situations of battlefield 
or outbreaks of disease which may be caused by a biological pathogen, as well as forensic 

10 analysis, food and water monitoring to screening for indications of genetic manipulations 
in specific org :nisms and environmental analysis and background characterizations. 
Using the method ofthe invention, any known biological pathogen could be detected in a 
sample, and multiple%iological species can be simultaneously detected. In addition, the 
method is useful for the detection of biological pathogens which affect plants or animals. 

15 The potential threat of terrorism and battlefield use of biological weapons is 

growing around the world. On the battlefield, multiple biological weapons may be 
released at one time, thus creating a situation in which field doctors should have the 
capability of simultaneously identify multiple biological species in a single test. Prior to 
applicants invention, however, no such method existed. In an urban setting, a single 

20 biological pathogen might be released over a broad area, or in a crowded location, with 
little or no warning as to the threat and event of this release, nor any statement as to the 
identity of the biological species which was released. 

In either such situation referred to above, or in the event of a natural or accidental 
occurrence of dissemination of a biological pathogen (e.g. contamination of foodstuffs 

25 with Eschericia coli, or the spread of communicable diseases such as meningitis), the first 
indication of the infection of humans could be a cluster of individuals each displaying 
similar symptoms. However, as the initial symptoms of many biological pathogens are 
very similar to each other and to symptoms of the flu (e.g., headaches, fever, fatigue, 
aching muscles, coughing) the rapid identification of the actual biological species causing 

30 the symptoms would be a significant benefit such that prompt and proper treatment could 
be implemented by medical professionals. In addition, the method according to the 
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invention can be used to assess the status of the etiologic agent with respect to drug 
resistance, thereby affording more effective treatment. 

Examples of biological pathogens which may be used for production of biological 
weapons, or for use in terrorism in which event the goal of such terrorism may be to kill 
5 or debilitate individuals animals or plants, include; without-1 imitation, Bacillus anthracis 
(anthrax), Yersinia pestis (bubonic plague), Brucella suis (brucellosis), Pasturella 
tularensis (tularemia), Coxiella burnetti (Q-fever), Pseudomonas aeriginosa (pneumonia, 
meningitis), Vibrio cholera (cholera), Variola virus (small pox), Botulinum toxin 
(botulism), Saxitoxin (respiratory paralysis), Ricinus communis (ricin), Salmonella, 
10 Staphylococcus aureus, aflatoxin and other fungal toxins, Shigella (dysentery), and 
Yellow Fever Virus. 

The present invention is useful as a phylogenetic analysis. In such embodiments a 
continuum of highly conserved to highly specific nucleic acids are used to catagorize a 
multiplicity of biological entities from a single sample based upon binary pattern 
15 generated. Thus one can conclude the presence or absence of specific biological entities 
in the sample, as well as establish the organism's kingdom, phylum, class, order, genus 
species. 

In another preferred embodiment, the sample comprises multiple (more than one) 
biological entities. Depending upon the type of substrate chosen and the size of the 
20 chosen substrate, a chip can be arrayed with hundreds or thousands of predetermined 
nucleic acids in a predetermined pattern. 

In another preferred embodiment, one or more of the biological entities is a 
pathogen. Since the method of the invention is designed to amplify all DNA within the 
sample, a biological species most likely will need to be present in multiple copies in order 
25 to be sufficiently amplified. If pathological entities are present in the sample in a 

sufficient amount to cause harm, then they will most likely be present in multiple copies 
and will be sufficiently amplified through the method of the invention. 

To increase the confidence in the results of the biological species detected 
according to the method of the invention, the array will preferably include positive and 
30 negative controls and redundancies, for example multiple copies of the same nucleic acid 
or several distinct nucleic acids from the same target organism. The array is also useful 
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to provide broad as well as specific identification. For example, 16s ribosomal RNA can 
be used to establish the presence of bacteria, conserved bacillus sequences can be used to 
identify bacillus presence, and specific DNA can further classify the bacillus species or 
strain. Any desired target biological species, including pathological species, can be 
5 included in- the array through reference to the published literature of the- DNA sequences 
characteristic of such organism, and then either synthesis or cloning of such published 
sequences. 

The presence of a particular target organism within a given sample is determined 
by hybridizing the labeled amplified nucleic acids from the sample to the array on the 
10 chip according to well known techniques. Hybridization should preferably be conducted 
under high stringency conditions, as it is expected that the amplified products will be at 
least 30 nucleotides in length and they are being hybridized to PCR amplified gene 
fragments. Suitable high stringency conditions include hybridization at between 50°C 
and 65°C. Then utilizing the proper means of detection to visualize the particular label 
15 used for the labeling of the amplified nucleic acids in order to identify which 

predetermined nucleic acid sequences were hybridized to the amplified nucleic acids. 
Since the chip holds an array of predetermined nucleic acids in a predetermined pattern, 
the pattern of hybridization will identify the biological species within the sample. 

The following example(s) are intended to further illustrate certain preferred 
20 embodiments of the invention, and are not intended to be limiting in nature. 

Example 1 
Preparation of a Diagnostic Array 
The following steps may be used to generate arrays of predetermined nucleic 
acids that are fixed to a solid surface for carrying out the method of the invention. The 
25 number of predetermined nucleic acids which are included on any array can be designed 
according to the specific needs and desires of the user. Relative amounts of various 
biological entities can be ascertained by conducting sequential hybridizations using serial 
dilutions of the amplified/labeled nucleic acid. 

The desired collection predetermined nucleic acid sequences, each of which 
30 characterizes a different biological entity or a variant of a biological entity, are selected 
from various sequence databases or printed publications. Such predetermined nucleic 
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acid sequences are then either synthesized based upon the published nucleic acid 
sequence or cloned from appropriate sources (such as from the biological entity 
containing such nucleic acid sequence or from a cDNA or genomic library containing 
such nucleic acid sequence). Each selected predetermined nucleic acid sequence is 
amplified (e.g., using PCR and a primer pair which is specific for such predetermined 
nucleic acid sequence) to generate a sufficient quantity of such sequence for deposit on a 
solid substrate (e.g. a chip) and then isolated according to any of the well known 

i 

techniques for isolation of DNA so that each deposit on the solid surface is free of 
impurities which could lead to a false indication that such predetermined nucleic acid 
sequence is present in a sample which is being tested. If desired one or more 
predetermined nucleic acid sequences could be combined in a single deposit on the solid 
surface, for example it may be deemed desirable to combine one or more variants of 
particular biological entity. 

Numerous methods for the amplification and purification of nucleic acids are 
publicly available. The following protocol is merely illustrative. 

Materials and Equipment 

PCR primers modified with a S'-amino-modifier C6 (Glen Research #10-1906-90) 

Taq DNA polymerase (Stratagene #600139) 

PCR Purification Kit (TeleChem #PCR-100) 

Flat-bottom 384-well plates (Nunc #242765) 

Micro-Spotting Solution (TeleChem #MSS-1). 

Method 

1 . Add 1 .0 microliter of DNA (10 ng/microliter) of the desired biological species 
from which the predetermined nucleic acid sequence is to be prepared into a 
reaction container. The DNA for each desired biological species is to be 
amplified in a separate reaction using primers (-21 mers) which are specific for 
the predetermined nucleic acid to be amplified. 

2. Add 99.0 microliter of PCR mix which contains 10 microliter of 10X PCR 
buffer (500 mM KC 1, 100 mM Tris-Cl pH 8.3, 15 mM Mg2+, 0.1 % gelatin), 10 
microliter of dNTP cocktail (2 mM each), 1.0 microliter primer 1 (100 pmole/ 
microliter), 1.0 microliter primer 2 (100 pmole/microliter), 1.0 microliter 
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biological sample, 76 microliter H20, and 1.0 microliter Taq Polymerase (5 units/ 
microliter). 

3. Amplify the DNA using 30 rounds of PCR (94°C, 30 sec; 55°C, 30 sec; 72°C, 
60 sec). 

5 4: Purify the PCR products using a PCR Purification Kit. 

5. Elute products with 100 microliter of 0.01 X TE (pH 8.0). 

6. Dry products to completion in a speedvac. 

7. Resuspend each PCR product in 7.5 microliter Micro-Spotting solution. 

8. Transfer to a flat bottom 384-well plate (Nunc) for arraying. 

10 a. Amino-linked cDNAs are made during PCR using primers that contain 

a C6 amino modifier (Glen Research) on the 5' end of each primer, 
b. Plasmid DNA can be prepared by alkaline lysis and purified. The 96 
well REAL prep (Qiagen #SQ81 1 and #19504) facilitates rapid 
preparation. 

1 5 Each of the collection of predetermined nucleic acid sequences are then spotted or 

printed onto a silica-based substrate or opaque membrane (nylon or nitrocellulose) using 
an arraying machine to create an array of predetermined nucleic acid sequences in a 
regular grid of hundreds to thousands of spots. The DNA in the spots may need to be 
bonded to the substrate to keep them from washing off during hybridization. 

20 Numerous methods for the spotting or printing of nucleic acid sequences on a 

surface are publicly available. The following protocol is merely illustrative. 
Reagents and Equipment 

Micro-spotting robot (many models are available) 
Stealth Micro Spotting Device (TeleChem) 
25 SuperAldehyde Substrates (TeleChem) 

Method 

1. Obtain silylated (active aldehyde) microscope slides (CEL Associates). 

2. Print amino-linked cDNAs using a micro-spotting device according the to 
manufacturer's instructions. 

30 3. Allow printed microarrays to dry overnight in a slide box. 
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4. Soak slides twice in 0.2% SDS for 2 min at room temperature with vigorous 
agitation. 

5. Soak slides twice in ddH20 for 2 min at room temperature with vigorous 
agitation. 

5 6. Transfer slides into ddH20 at 95-100°C for 2 min to allow DNA denaturation. 

7. Allow slides to dry thoroughly at room temperature (-5 min). 

8. Transfer slides into a sodium borohydride solution for 5 min at room 
temperature to reduce free aldehydes. 

9. Rinse slides three times in 0.2%o SDS for 1 min each at room temperature. 
10 10. Rinse slides once in ddHzO for I min at room temperature. 

11. Submerge slides in ddH20 at 95-100°C for 2 seconds. 

12. Allow the slides to air dry and store in the dark at 25°C (stable for >1 year). 

a. Drying increases crosslinking efficiency. Several days or more is 
acceptable. 

1 5 b. This step removes salt and unbound DNA. 

c. Prepare sodium borohydride solution JUST PRIOR to use as follows. 
Dissolve 1.0 gNaBH4 in 300 ml phosphate buffered saline (PBS). Add 
100 ml 100% ethanol to reduce bubbling. 

d. Heating the slides greatly aids in the drying process. 

20 

Example 2 
Use of a Diagnostic Array 
An array, such as one prepared according to Example 1, would be utilized by 
preparing labeled nucleic acid from the sample to be screened, and hybridizing such 
25 labeled nucleic acid with the array. In addition labeled nucleic acid of the designated 

control sequences would be prepared (or in the event that the array is sold as part of a kit, 
could be supplied to the user). 

Radioactive, colorimetric, chemiluminescent or fluorescent tags can be used for 
labeling of nucleic acid sequences from the sample and for the control. Numerous 
30 techniques for scanning arrays, detecting fluorescent, chemiluminescent, or colorimetric 
output, and analyzing results are being developed and commercialized. For example, 
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GSI Lumonics has developed low-cost, high-throughput 2-, 3-, and 4-color laser scanning 
systems (ScanArray Systems). Numerous protocols for the preparation of labeled nucleic 
acid sequences are publicly available. The following protocols are provided for 
illustrative purposes: (i) a method for hybridization of fluorescently labeled sample to an 
array and analysis of the biological entities, (ii) a method of preparing fluorescently 
labeled nucleic acid from a sample and (iii) preparation of fluorescently labeled control 
nucleic acids. 

L Hybridization of Labeled Sample Nucleic Acid to Arrays and Analysis of 
Biological Entities . 

Reagents and Equipment 

Hybridization cassettes (TeleChem) 

Array wash station (TeleChem) 

Fluorescent labeled DNA derived from sample to be tested 
Fluorescent labeled control nucleic acid sequences 
ScanArray 3000,4000 or 5000 (GSI Lumonics) 
Method 

1. Place the array in a hybridization cassette. The array used in this example is a 
microarray that is 22 x 22 mm in size. 

2. Add 5.0 microliter of 5 X SSC + 0.2% SDS to the slot in the cassette for 
humidification. 

3. Pipette 6.0 microliter of fluorescent labeled nucleic acids derived from the 
sample, including a sufficient concentration of fluorescent labeled control nucleic 
acid, along the edge of a 22 x 22 mm cover slip. 

4. Place the cover slip onto the microarray using forceps such that the sample 
forms a thin monolayer between the cover slip and the microarray. 

5. Seal the hybridization cassette containing the microarray. 

6. Submerge the hybridization cassette in a water bath set at 62°C. 

7. Hybridize for 6 his at 62°C. 

8. Following hybridization, remove the microarray from the hybridization cassette 
and place it immediately into the wash station. 

9. Wash the microarray for 5 min at room temperature in IX SSC +0.1% SDS. 
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10. Transfer the wash station and microarray to a second beaker containing 400 
ml 0.1 XSSC and 0.1 %SDS. 

11. Wash the microarray for 5 min. at room temperature 0.1 X SSC and 0.1% 
SDS. 

12. Rinse the microarray briefly in a third beaker containing 0.1 X SSC to remove 
the SDS. 

1 3. Allow the microarrays to air dry. 

14. Scan the microarray with the ScanArray 3000, 4000 or 5000 to collect 
fluorescent emission. 

15. Quantitate the fluorescent emission at each position within the microarray. 

16. Assign gene expression values of the detected biological entities by 
comparing the experimental data to the appropriate controls. 

Notes: 

a. Cover slips must be free of oils, dust and other contaminants. Lower the 
cover slip onto the microarray from left to right so that the sample pushes 
out air bubbles as it forms a monolayer against the microarray surface. 
Small air bubbles trapped under the cover slip exit after several minutes at 
62°C. 

b. A temperature of 62°C works well for cDNA-cDNA hybridizations. 
Lower temperatures should be used for hybridization to oligonucleotides. 

c. Wash station should be placed in a 600 ml beaker containing 400 ml IX 
SSC + 0.1 % SDS. The microarray should be transferred quickly from the 
cassette to the wash station. Leaving the microarray at room temperature 
will lead to elevated background fluorescence. 

d. The cover slip should slide off the microarray during the wash step. If 
the cover slip does not slide off within 30 sec, use forceps to gently 
remove it from the microarray surface. Failure to remove the cover slip 
will prevent efficient washing of the microarray. 

2. Preparation of Labeled Nucleic Acid from a Sample . 

1. Prepare total nucleic acids from sample to be tested. 

2. Amplify the nucleic acids by PCR using short random primers. 
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3. To a microfuge tube, add 71 microliter H 2 0, 10 microliter 10X PCR buffer (500 
mM KC1, 100 mM Tris-Cl pH 8.3, 15 mM MgC12, 0.1% gelatin), 10 microliter 
dNTPs (2 mM each), 5 microliter Cy5-dCTP (1 mM)a, 2.0 microliter short 
random oligonucleotide primers (100 pmole/ microliter), 1 microliter total nucleic 
acids from sample (0.5 microgram/microliter). Mix by tapping the microfuge tube 
gently. 

4. Add 1 .0 microliter Taq DNA polymerase (5 units/ microliter). Mix by tapping 
the microfuge tube gently. 

5. Generate fluorescent, single-stranded cDNAs by linear amplification of the 
total nucleic acids according to the following regime: [denature at 95°C for 2 min, 
amplify for 30 cycles of (94°C 30 sec, 55°C 30 sec, 72°C 30 sec), extend at 72°C 
3 min, hold at 4° until ready to purify]. 

6. Purify the fluorescent linear amplification products on a QIAquick column. 

7. Evaporate the purified products to dryness on a speedvac. 

8. Resuspend the pellet in 50 microliter of IX TE (10 mM Tris-Cl and 1 mM 
EDTA) pH 8.0. 

Preparation of Labeled Control Nucleic Acids . 
Equipment and Reagents 

Perkin Elmer 9600 Thermal Cycler (or equivalent) 
QIAquick PCR purification kit (Qiagen #28106) 
Method 

1 . Obtain a heterologous cDNA cloned into a plasmid vector. 

2. Amplify the cDNA insert by PCR using cDNA-specific primers. 

3. Purify the amplified cDNA insert using a QIAquick column. 

4. Evaporate the sample to dryness in a speedvac. 

5. Resuspend the purified cDNA insert in 10 microliter IX TE (10 mM Tris-Cl 
and 1 mM EDTA) pH 8.0. 

6. To a microfuge tube, add 71 microliter HzO, 10 microliter 10X PCR buffer (500 
mM KC1, 100 mM Tris-Cl pH 8.3, 15 mM MgC12, 0.1% gelatin), 10 microliter 
dNTPs (2 mM each), 5 microliter Cy5-dCTP (1 mM)a, 2.0 microliter 20-mer 
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oligonucleotide (100 pmole/ microliter), 1 microliter cDNA PCR product (0.5 
microgram/microliter). Mix by tapping the microfuge tube gently. 

7. Add 1 .0 microliter Taq DNA polymerase (5 units/ microliter). Mix by tapping 
the microfuge tube gently. 

8. Generate fluorescent, single-stranded cDNAs by linear amplification of the 
template according to the following regime: [denature at 95°C for 2 min, amplify 
for 30 cycles of (94°C 30 sec, 55°C 30 sec, 72°C 30 sec), extend at 72°C 3 min, 
hold at 4° until ready to purify]. 

9. Purify the fluorescent linear amplification products on a QIAquick column. 

10. Evaporate the purified products to dryness on a speedvac. 

1 1 . Resuspend the pellet in 50 microliter of IX TE (10 mM Tris-CI and 1 mM 
EDTA) pH 8.0. The concentration of the fluorescent, single-stranded cDNA 
should be -40 ng/ microliter. 

12. Add 1 .0 microliter of the 40 ng/ microliter fluorescent control per 20 
microliter hybridization buffer to provide a fluorescent, single-stranded cDNA 
control at -2 ng/ microliter. 

a. Alternate fluors such as P12-dUTP, L5-dCTP and Cy5-dCTP can also 
be used. 

b. Controls of this type provide a measure of hybridization and scanning, 
independent of an enzymatic labeling step such as reverse transcription. A 
2 ng/ microliter single-stranded product should produce an intense 
fluorescent signal equivalent to an abundant cellular transcript. Multiple 
fluorescent cDNAs can be used to generate a concentration series. 
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